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In this paper, we construct several models in order to analyze how social 
status influences the effect of monetary policy on steady state capital stock 
and the dynamical system of the one-sector exogenous growth models. We 
analyze the effects by using separable and non-separable utility function, 
Cash-In-Advance constraint with only consumption or with all consump-
tion and a proportion of investment. We find that once we consider social 
status in the models, the effect of money growth rate on steady state cap-
ital stock and the dynamical system would be ambiguous, no matter we 
use non-separable or separable utility function, and either CIA constraint 
we mentioned above. However, when we employ the assumption of unique 
perfect-foresight path, the balanced growth path would be saddle and the 
effect of monetary policy on steady state capital stock would become pos-
itive if only consumption is included in the CIA constraint. If the CIA 
constraint includes both all consumption and a proportion of investment, 
saddle path exists, but the relationship between money growth rate and 
capital stock at steady state remains unknown. The proportion of invest-
ment in CIA constraint would be the crucial factor affecting the relationship 
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1 Introduction 
Weber's idea is clear: capital accumulation in a capitalist econ-
omy is motivated not only by the maximization of the long-run 
consumption, but also by the enjoyment (utility) from enhancing 
wealth itself. This capitalist spirit approach to long-run growth 
has been also taken by Adam Smith, Karl Marx and John May-
nard Keynes, among many others. [Heng-Fu Zou (1994), (The 
Spirit of Capitalism' and Long-Run Growth] 
Money, money, money, must be funny, in the rich man's world. 
[Abba, "Money Money Money"] 
Recently, economists are interested in the studies about how social sta-
tus affects economic growth. Different economists use different assets to 
represent the wealth of the representative agent, such as capital stock, 
money, conspicuous consumption, summation of money and capital, and 
treat those assets as the measurement of social status by including them 
in the utility function. However, most of the papers use a separable util-
ity function for the analysis. That is, there is no relationship between the 
consumption and social status in the utility function ( Ucw = 0 if w repre-
sents wealth). In this paper, we are going to analyze the effect of social 
status in monetary economy, following the work of Chang et. al. (2000) 
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and Chen et. al. (2008). The novel feature of our one-sector model is the 
non-separable utility function of consumption (c) and capital ( k) where 
Uck f 0 in our analysis, which is introduced by Kruz (1968) but different 
from the separated preferences of consumption and wealth used by most of 
the literature. Our aim is to examine how non-separable utility function 
affects the impact of money growth on steady state capital stock and the 
transitional dynamics. We are going to discuss the factors affecting the re-
sults by comparing several settings, i.e., separable and non-separable utility 
function, Cash-In-Advance (CIA) constraint subject to consumption only 
and subject to both consumption and investment. Simulation exercises are 
provided in order to show the effect clearly. 
Our findings are threefold. First, at steady state, an increase in money 
growth rate would affect the capital stock if we consider social status, how-
ever, the effect is ambiguous. If we assume the existence of unique perfect-
foresight path, then the balanced growth path (BGP) would be saddle, 
and the effect of money growth rate on capital stock would be positive 
in both separable and non-separable utility function if only consumption 
is liquidity constrained. However, if investment is also included in the 
CIA constraint, the BGP would still be saddle based on the assumption 
of unique perfect-foresight path, but the effect of money growth rate on 
steady state capital stock remains unknown. The percentage of investment 
paid with money would be the crucial factor affecting the relationship be-
2 
tween money growth and steady state capital stock in the model of social 
status with non-separable utility function. 
Secondly, the non-separable utility function in our simulation is u ( c, k) = 
( e )l-a-
c k:-o- -l. By using this utility function, there is a unique equilibrium at 
steady state. When we change the value of a in order to change the sign 
of Uck, we find that the value of Uck would not affect the capital stock at 
steady state because k* is independent of a. There is a positive relationship 
between 'rJ and k*; When c < m, 'rJ would enhance the effect of monetary 
policy on steady state capital stock if 'rJ raises from zero, but the effect 
would be lower once 'rJ is larger than a certain level if c < m, and the result 
would be reversed if c + cP 1 I < m and cP 1 is large enough. 
Last but not least, if we do not have the assumption of unique perfect-
foresight path, the BGP equilibrium can be saddle, source or sink no matter 
the utility function is non-separable or separable when we consider social 
status in the model. 
The structure of the paper is as follows. We are going to review the 
literature about money, growth and social status in Section 2. Section 3.1 
is about the basic one-sector model and only consumption is included in 
Cash-In-Advance Constraint. The model with consumption and investment 
in CIA Constraint are shown in Section 3.2. We modify the basic model by 
adding social status in Section 3.3. Section 3.4 and 3.5 are demonstrating 
the models with non-separable utility function, where the CIA constraint of 
3 
Section 3.4 includes consumption only, but both consumption and invest-
ment are liquidity constrained in Section 3.5. Lastly, concluding remarks 
of this paper will be provided in Section 4. 
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2 Literature Review 
2.1 Money and Growth 
Economists have been discussing the relationship between money growth 
and economic growth for half a century since the seminal works of To bin 
(1965) and Sidrauski (1967). Tobin (1965) analyzes the relationship be-
tween money and capital by using a descriptive aggregate model. He finds 
that raising money growth rate would positively affect capital stock at 
steady state. The reason is that the real return of money would diminish 
when the money growth rate goes up, and therefore people would convert 
their real money balances to capital stock. This effect is called the "Tobin 
effect". The idea of Tobin (1965) is proven mathematically by Orphanides 
and Solow (1990). On the other hand, by using an optimizing model, 
Sidrauski (1967) shows that if money, which is assigned as a consumption 
good, is included in a utility function together with other consumption 
goods, capital stock is not correlated with the rate of money growth at 
steady state. It is because the real interest rate does not have any relation-
ship with the inflation rate and money growth rate, and it only depends on 
the ratio of capital to lab or. We call this relationship of money and capital 
"superneutrality of money". However, Orphanides and Solow (1990) dis-
agree with the conclusion of Sidrauski (1967). They suggest two different 
examples and show that, in normal situations, money is not superneutral, 
5 
which is different from the result of Sidrauski (1967). They conclude, "The 
superneutrality of money is not, ...... , a general result within the optimizing 
framework. In fact it seems to be obtained only as a special case." (p. 238). 
Stockman (1981) builds a discrete time model that money is introduced 
1n a Cash-In-Advance (CIA) constraint rather than using a Money-In-
Utility-Function (MIUF) introduced by Sidrauski (1967). He shows that if 
CIA includes all consumption and investment, the effect of money growth 
rate on the steady state capital accumulation is negative. However, if 
only consumption is paid with money, change of money growth rate would 
not affect the steady state capital stock, therefore money is superneutral. 
Based on the Stockman (1981) model, Abel (1985) examines the dynam-
ical relationship between money growth rate and capital stock at steady 
state, and he concludes that in long-run and along the transition path, 
there is superneutrality of money if only consumption has liquidity con-
strained. Nevertheless, a permanent rise in money growth rate causes a 
drop in capital accumulation at the steady state when money is required 
for both consumption and investment. Orphanides and Solow (1990) con-
struct Keynes-Wicksell model, which is different from basic neoclassical 
model. In the Keynes-Wicksell model, the authors assume that investment 
and savings function are separated and independent; also price would keep 
changing once the market is not in equilibrium. Due to those settings, there 
is a positive relationship between money growth rate and capital stock at 
6 
steady state, where the effect is similar to those basic neoclassical models. 
Wang and Yip (1992) consider a monetary economy with both endogenous 
labor and capital, and their finding is that an increase in money growth 
reduces steady state capital accumulation no matter using MIUF approach 
(where consumption, lab or and money are included), CIA approach (con-
sumption and investments are liquidity constrained) or Transactions-Costs 
approach (where shopping-time cost is involved). Ghossoub and Reed 
( 2005) construct an exogenous growth model and examine the relation-
ship between money, capital and endogenous choice of specialization for 
transaction. They use an endogenous Cash-In-Advance constraint to rep-
resent the endogenous specialization of consumer and their dependence on 
money for purchasing consumption goods. They disclose an inverse rela-
tionship between money growth rate and steady state capital stock due 
to the endogenous choice of specialization. Recently, Cui et. al. (2008) 
examine the effect of money growth rate on capital stock at steady state 
by using a MIUF model with Marshallian recursive preferences, that is, 
the time preference of the model is the function of the budget constraint of 
the representative consumer. The authors find that if money growth rate 
increases, steady state capital stock will diminish. 
The significant works of Romer (1986) and Lucas (1988) motivate 
economists to extend the analysis of money and economic growth to en-
dogenous growth model. Marquis and Reffett (1991) analyze the two-sector 
7 
endogenous growth model with human capital formation based on Lucas 
(1988) and Cash-In-Advance constraint. They conclude that when there is 
change in the rate of money growth, economic growth rate at steady state 
would be unchanged, if either consumption or capital is paid with money. 
Van der Ploeg and Alogoskoufis ( 1994) modify a one-sector endogenous 
growth model in order to allow separated generations of households. Rep-
resentative agent can hold capital, real money balances and government 
debt at the same time. By using MIUF, they demonstrate that when 
there is an increase in the rate of money growth, it improves long-run 
economic growth through an open-market operation. Jones and Manuelli 
( 1995) consider a basic endogenous growth model, where consumer would 
like to maximize the utility of cash consumption goods, credit consumption 
goods and leisure, subject to CIA constraint with cash consumptions good 
only and without human capital accumulation, and they provide a result 
that money expansion has no effect on economic growth. However, when 
inflation rate affects investment decision, such as nominal depreciation al-
lowances, a change in money growth rate reduces growth rate of capital. 
They also demonstrate two-sector endogenous growth model with human 
capital accumulation. An increase in the rate of money growth influences 
long-run economic growth rate directly, and the effect depends on whether 
cash and credit goods are substitutes or complements. Mino and Shibata 
(1995) examine how economic growth is influenced by the monetary pol-
8 
icy by using a separable, logarithmic form MIUF and an infinitely lived 
overlapping-generations model, together with a modified AK production 
function that allows endogenous growth. The authors show that the long-
run economic growth rate is positively affected by money supply. Chang 
et. al. ( 2007) build an endogenous model of money and banking where 
transactions are made easier by using money, and non-reserve deposits in 
banking system are converted to capital for production. Along a balanced 
growth path (BGP), a decrease in money growth rate boosts the balanced 
growth rate. 
2.2 Social Status, Money, and Growth 
Veblen (1899) and Weber (1958) introduce concepts of "conspicuous 
consumption as a major source of social status" and "the spirit of capi-
talism" respectively. Kurz (1968) is the first one introducing the concept 
of "wealth effect", both consumption and capital are defined in the utility 
function. He finds that in a one-sector exogenous growth model with wealth 
effects, multiple steady state equilibria may occur. Due to the contribution 
of Veblen (1899), Weber (1958) and Kurz (1968), the effect of social status 
on economic growth has been another interesting topic economists would 
like to focus on from the past decade. In the model of Cole et. al. (1992), 
there is a ranking system of agent's income in the non-market sector, agents 
would be aware of their wealth (capital in this model, and it is the measure-
9 
ment of social status), and the system motivates them to achieve a higher 
level of social status by improving their income level. The authors demon-
strate the possibility of multiple equilibria when social norms (for example 
social status in this model) are taken into account; the result is consistent 
with Kurz's (1968) work. Zou (1994) presents a one-sector endogenous 
growth model with AK production function and "the spirit of capitalism", 
where capital is treated as the social status and included in the utility 
function; the utility function is separable, and it is in logarithmic form. He 
concludes that a forever growth in capital stock occurs when the desire for 
social status is large enough although the author relaxes the condition of 
technology generally imposed in models of endogenous growth. 1 Corn eo 
and Jeanne (1997) develop an endogenous growth model with separable, 
logarithmic form, and increasing utility function of individual's wealth rel-
ative to the average capital stock of the economy. They point out that the 
growth rate of an economy will be larger if marginal utility of the social 
status is higher. However, that is possible to have excessive growth when 
social status is concerned in the model. Rauscher (1997) considers social 
status by using conspicuous consumption, which is consumption of rep-
resentative agent relative to the consumption per capita in the economy. 
In a neoclassical model, he concludes that social status would not affect 
1 In general , economists assume that the rate of time preference is smaller than the 
net marginal product of capital in endogenous growth model. In Zou 's paper (1994), he 
relaxes this assumption . 
10 
the capital stock at the steady state. However, if the production function 
is in AK form, the conspicuous consumption may accelerate growth; the 
result depends on the value of intertemporal elasticity of substitution in 
consumption. 2 Besides, introduction of taxation or subsidization can solve 
the problem of non-optimal growth rate which is caused by social status. 
Chang et. al. (2004) investigate the effect of social status on the relation-
ship between government spending and economic growth by adopting a 
general two-sector endogenous growth model. In the model, human capital 
accumulation and physical capital formation are used. The total wealth 
of the representative agent is the sum of capital and the real value of his 
human capital. The authors analyze the effect of social status on economic 
growth by using a non-separable utility function of consumption and total 
wealth. Due to this setting, the economic growth rate in long-run is nega-
tively affected by the change in the proportion of government spending. 
Money is introduced into recent studies on social status, and econo-
mists examine the effect of money growth on economic performance. Zou 
(1998) considers the summation of money and capital as total wealth of 
the representative agent, and it is treated as social status. In the con-
tinuous time and infinite-horizon model, there are separable MIUF and a 
utility function of total wealth. He demonstrates a positive effect of money 
2Rauscher (1997) demonst rates a faster growth rate in an economy concerning social 
status, when the intertemporal elasticity of substit ut ion in consumption is larger than 
one. However , if the value is smaller than one , the growth rate of status-seeking country 
will be slower than that of the country not considering status. 
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growth rate on steady state capital accumulation. In endogenous growth 
model, the author concludes that the increase in money growth rate raises 
the long-run economic growth rate. Chang et. al. (2000) construct a 
continuous time one-sector growth model with capital stock as a source of 
social status and introduce money through a CIA constraint, where only 
consumption is paid with money. With a set of separable utility function, 
the authors show that a change of money growth rate would positively af-
fect the capital stock at steady state in the exogenous growth model due 
to the stability condition. In the endogenous growth model with AK pro-
duction function, existence of social status enhances the growth rate in 
the long run if there is an increase in money growth rate. Gong and Zou 
(2001) develop a discrete time model with social status based on the sem-
inal work of Stockman (1981). In the paper, they use a separable utility 
function, where the measurement of social status is the sum of money and 
capital. They find that if the CIA constraint applies to consumption only, 
money growth will have a positive relation with capital accumulation due 
to the unique perfect-foresight path. However, if the CIA includes all con-
sumption and investment, the effect of the money growth rate on capital 
stock is ambiguous. However, their work is criticized by Chang and Tsai 
(2003). Chang and Tsai (2003) find that if all consumption and invest-
ment are subject to CIA constraint, then an increase in money growth rate 
would reduce the capital stock at steady state. However, when the CIA 
12 
constraint applies to all consumption but only part of the investment, the 
desire for the social status will influence the effect of money growth rate 
on capital accumulation. Gong (2008) shows that if a CIA constraint ap-
plies to consumption only, the sum of capital stock and real balances are 
treated as total wealth, and when social status is being considered, then 
an increase in money growth rate improves the economic growth under 
deterministic money growth. Nevertheless, the effect of money growth on 
economic growth is undetermined if the money growth is stochastic, and 
the result is once again determined by the desire for social status, where 
the effect is positive if the desire for social status is relatively strong, and 
vice versa. Chen et. al. (2008) demonstrate that multiple equilibria may 
occur at steady state when people concern social status, and consumption 
and investment are liquidity constrained. They conclude that an effect of 
money growth on capital stock depends on the comparison between CIA 
constraint on investment relative to consumption and the marginal utility 
of social status relative to marginal utility of consumption. In addition, 
if an economy suffers from poverty trap, it may erase the poverty trap by 
adopting an appropriate money growth rate. Chen (2008) studies the effect 
of social status and monetary policy on long-run economic growth, where 
the utility function is separable and capital of representative agent is con-
sidered as the measurement of social status. In the one-sector endogenous 
growth model with AK production function, an increase in money growth 
13 
will improve the economic growth rate. For two-sector endogenous growth 
model, money growth is independent of capital stock in the long run if hu-
man capital accumulation is based on Lucas (1988) model. Nevertheless, 
under generalized human capital formation, such as Bond et. al. (1996) 
model, the relationship between money growth rate and long-run rate of 
economic growth is positive. 
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3 One-Sector Exogenous Growth Model With 
Cash-In-Advance Constraints 
3.1 The Basic One-Sector Model 
To demonstrate how different settings influence the effect of money 
growth rate on steady state capital stock and transitional dynamics in mon-
etary economy, we would like to study the basic one-sector model first. This 
model is a continuous time version of the discussion in Stockman ( 1981) 
and a modified version of Chang et. al. ( 2000). The economy consists of 
a representative and infinite-lived agent who supplies inelastic labor force. 
The household maximizes a discounted utility defined on consumption over 
an infinite time horizon. The optimization problem of the representative 
agent is as follows: 
(1) 
subject to 
k +m= f (k)- c- nm- f>k + T , (2) 
k =I- f>k 
' 
(3) 
c< m , (4) 
where c is consumption per capita, p is rate of time preference, k is cap-
15 
ital per capita, m is per capita real money balances, f ( k) is the production 
function of representative agent and also the income per capita, 1r is rate 
of inflation, 0 < 6 < 1 is depreciation rate of capital stock, T is real lump-
sum transfer per capita from the government, and I is gross investment. 
The utility function and production function are increasing and concave, 
that is Uc > 0 > ucc, fk > 0 > fkk· Equation (1) is the utility function 
of the representative agent without social status, which is a common set-
ting in a standard optimal growth model. Equation (2) represents budget 
constraint of the representative agent. The budget constraint shows that 
the residual of household's income after consumption, i.e. f (k) + T- c, 
should be transformed to capital shock or/ and real balances. Equation (3) 
is capital accumulation. Equation ( 4) is a Cash-In-Advance constraint that 
only consumption is liquidity constrained. 
3.1.1 Optimization 
Let Ak > 0 and Am > 0 be eo-state variables associated with capital and 
real balances respectively. Let ~ be the lagrangian multiplier of the CIA 
constraint. Hence, the Hamiltonian function is 
H: u (c)+ Ak [I- 5k] +Am [f (k)- c- nm- I+ T] +~(m- c). (5) 
0 and lim e-pt Amtffit 
t--->oo 
0 are the transversality con-
16 
ditions respectively, and they are applied to the following models in this 
paper. 
The government finances the transfer payment by increasing money 
supply at a constant rate, f.L· Therefore, 
T = JLm. (6) 
By definition, money market equilibrium condition is 
(7) 
At steady state, we get following conditions and the effect of change in 









In this case, we find that money is superneutral from Equation ( 11 ). 
3 Please see Appendix 1 for detailed calculation . 
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This result is consistent with the conclusion of the special case in Stockman 
(1981), where only consumption is liquidity constrained. 
We construct the dynamical system of this case by using (12), (13) and 




Therefore, we obtain the trace and determinant from the dynamical 
system and they are shown below: 




Det (J) m Am [(1+p+J-L)Amfkk] < 0 (16) 
(+) (-) 
In this dynamical system, the positive trace and negative determinant 
imply that there is one stable root and two unstable roots , and hence the 
Balanced Growth Path (BGP) equilibrium is saddle. 
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3.2 Extension 1 - CIA with Investment 
Now we change the CIA constraint of the basic one-sector model to c + 
cjJ 1 I < m, that means at least part of the investment is paid with real money 
balances, and other settings remain unchanged. This model is more or less 
the same as the work of Stockman (1981), but this model is a continuous 




k +m= f (k)- c- nm- r5k + T, (18) 
k =I- r5k, (19) 
(20) 
Equation (21) to (23) are the conditions at steady states and Equation 
(24) is the effect of change in money growth rate on steady state capital 
stock:4 
c* = f (k*)- r5k* 
Am (c*) = Uc (c*) 
l+p+p, 






Not surprisingly, we find that money growth rate is negatively related 
to the capital stock at steady state. It is the same as the result of Stockman 
(1981). 
Here, we are going to show the dynamical systern and its result. 
1 1 [ - - l (; = Ucc (C) rjJ I r/J I (p + 0) Uc (C) + (p + 0)( 1 - r/J I )>.m - Amfk ( k) - ( 1 - rjJ I Pm J 
(25) 
k=f(k)-c-6k (26) 
· [ 1 ] Am ( 1 - c/J I) Am = cp I + p + 1f ( C, k, Am) Am - Uc (C) - cjJ I (27) 
x* = (1- c/JI)c* + c/Jif(k*) +Am (1- cpi) (1-;) > 0 
Ucc lf' I 
(28) 
Tr (J) (fk+P+tL+ :J [1+)..mx~~=~I)2 ] +p>O (29) 
(+) (+) (+) 
Det (J) -1 1 [ Am ( 1 - cp I) 
2
] 
- --:;:- 1 + * cp [Amfkk (1 + p + JL)] < 0 (30) 
Ucc lf' I X Ucc I 
(+) (+) (-) 
Once again, the trace is positive and the determinant is negative. There-
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fore the BGP equilibrium is saddle. 
In this extension, CIA constraint contains cp1 I. If we set cp1 = 0, the 
CIA constraint will become c < m, which is the basic one-sector model in 
Subsection 3.1. However, when cp1 = 1, (22) will become 
!k (k*) = (p + 6) [1 + p + tL] ' (31) 
so that 
dk* p + 6 
-=--<0. 
dfl !kk (32) 
Besides, the trace and determinant would become 
Tr(J) = fk + 2p + 11 + 1 > 0 (33) 
(34) 
To conclude, if 1 > cjJ 1 > 0, ~~ < 0 and the BGP equilibrium is saddle. 
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3.3 Extension 2 - Including Separated Social-Status 
Function 
In this subsection, we add a utility function , (3v ( k), into the basic model, 
where v ( k) is a utility function for social status, and 1 > (3 > 0 is the 
desire for social status. We use capital as the measurement of wealth, 
which follows the setting of Chang et. al. (2000) and Chen et. al. (2008). 
vk > 0 > vkk is the property of v ( k). Extension 2 is similar to the work of 
Chang et. al. (2000). 5 The problem is changed as follows: 
(35) 
subject to 
k +m= f (k) - c- 1rm- 6k + T , (36) 
k =I- 6k , (37) 
c< m. (38) 
In this extension, the steady state equilibrium and the effect of money 
5This extension is very similar to the model of Chang et. al. (2000) . The only 
different here is the capital formation. In Chang et. al. (2000) , k =I, but in our paper , 
k = I- 6k. This change would affect the comparative statics and the dynamical system. 
Therefore we would like to show this model here . Besides , since Chang et. al. (2000) 
did not provide simulation exercise in their paper , we would like to provide it in this 
extension. 
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growth are as follows: 6 
c* = f (k*)- 8k* (39) 
f3vk (k*) = [p + 8- fk (k*)] Am (c*) (40) 
( 41) 
-f3vk 
--------------:--.--- s 0 (1 + P + J-l) (Amfkk + f3vkk) - (fk-~~VkUcc (42) 
(+) (-) (?) 
In this setting, we find that money is non-superneutral, but the ac-
tual effect of money growth rate on steady state capital stock is uncer-
dd~ > 0. But when fk- 8 > 0, the sign of ~~ will depend on the value of 
(1 + p + J-l) (Am/kk + f3vkk)- (fk-~~vkucc · If I (1 + P + J-l) (Amfkk + f3vkk) I > 
( <) I (!k-~~vkUcc I' (1 + p + f.L) (Am/kk + f3vkk) - (fk-~~vkucc < (>) 0, there-
fore the effect is positive (negative). 
If f3 = 0, Extension 2 would be equal to the basic one-sector model 
we demonstrated above. Therefore, ( 40) will become fk (k*) = p + 8, and 
hence ( 42) will be a;; = 0. 
By using ( 43), ( 44) and ( 45), we will get the dynamical system, ( 46) 
and ( 4 7) are the trace and the determinant of this dynamical system re-
6Please see Appendix 3 for detailed calculation. 
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spectively. 
m Uc (m) (3vk (k) f (k) s: 
-=J-L+l- + + k -u 
m Am Am 
(43) 
k = f (k)- m- 6k (44) 
(45) 
Tr (J) (46) 
(+) (-) 
Det (J) 
(+) ( +) (-) (?) 
~ 0 (47) 
The trace is positive. However, it is not able to determine the sign of 
the determinant in this setting. It is because in the determinant, the sign of 
of ~~, is ambiguous. When fk - 6 < 0 or I (1 + p + f.l) (Amfkk + f3vkk) I > 
I U·-~~v.u,, I when fk-0 > 0, (1 + p + J.L) (>..mfkk + f3vkk)- U·-~~vku" would 
become negative and then Det ( J) < 0. It means there are two unstable 
24 
roots and one stable root. As a result, the BGP equilibrium is saddle, and 
there is a positive relationship between money growth and the steady state 
capital stock. However, when fk- fJ > 0, if (1 + p + J-L) (Amfkk + f3vkk) -
Uk-~~vkucc > 0, then dd~ < 0, and the determinant will be positive. Since 
the trace is positive, there are two possible outcomes. The first one is that 
there are three unstable roots but no stable root, therefore the BGP equi-
librium is source. Another possible outcome is that there are one unstable 
root and two stable roots, therefore the BGP equilibrium is sink. Table 1 
is the summary of the possibilities of the roots mentioned above. 7 
In the case of f3 = 0, Tr ( J) = [fk - 6] - m;~c > 0 and Det ( J) 
.A: [ (1 + p + J-L) Amfkk] < 0. They are equivalent to the results of the basic 
model. 
3.3.1 Simulation 
Here we construct a simulation exercise for Extension 2 in order to explain 
our analysis. The utility function of consumption is u (c) = c1;~~ 1 and 
v ( k) = k 1;~;; 1 is the utility function of capital, where E > 0 and 'ljJ > 0 are 
the inverse of the intertemporal elasticity of substitution for consumption 
and capital respectively. The production function is f ( k) = Aka, where 
1 > a > 0 is the capital share of production. Here, we follow the setting 
7 In Chang et. al. (2000), they demonstrate a similar result in their work, but they use 
the assumption of unique perfect-foresight path and conclude that Det (J) < 0, ddk; > 0 
and the BGP equilibrium is saddle. 
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of Chen et. al. (2008) that A = 0.3, p = 0.04, fJ = 0.05, E = 1.5, a = 0.6, 
{3 = 0.2, f.-l = 200%. We would like to set 'ljJ to several values in order to 
change the form of v ( k). Figure 1 demonstrates the relationship of '1/J and 
k*, and Figure 2 is about the relationship between f.-l and k* when 'ljJ = 0, 
'ljJ = 1 and 'ljJ = 1.5. Table 2 summarizes the values of steady state capital 
stock when the value of the parameters is changed. 
If we set 'ljJ = 0, that means the utility form we consider is u (c) + 
{3v ( k) = c1;~~ 1 + {3 ( k - 1). This utility function is the first utility function 
Chen et. al. (2008) use for simulation. There is a unique steady state at 
* dk* k = 77.26766, and a:; = 2.45044 > 0. The determinant is negative, and 
one root is stable. Hence the balanced growth path is saddle. Since the 
~k; is positive when 'ljJ = 0. 
The second case is that when 'ljJ = 1, it represents u (c) + f3v (k) = 
c1;~~ 1 + f3ln k, which is the second utility function employed by Chen et. 
al. (2008). Therefore k* = 14.48720, Det (J) < 0 and the balanced growth 
path is saddle again, so the relationship between k* and f.-l is positive. In 
this case dk* = 3. 09007 > 0 according to the benchmark values of the 
' dj.L 
parameters. 
If 'ljJ = 1.5. Therefore u (c)+ j3v (k) = c 1;~~ 1 + f3k\-~; 1 . Unique steady 
state equilibrium exists where k* = 8.41827. Since only one root is stable, 
the balanced growth path is saddle and ~~ = 0.83770 > 0. 
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When we set 1/J to a very large value, say 10, k* = 5.65685, BGP is 
saddle and ~~ ~ 0. k* and ~~ would not be changed if we keep increasing 
1/J. 
From this simulation exercise, we can see that ~~ is increasing when 
'ljJ rises from 0, and 1/J = 0.57 yields the highest ~~ = 8.15841. Starting 
from 1/J = 0.57, ~k; is still positive but drops when we increase the value 
of 1/J, and eventually ~~ ~ 0 once 1/J reaches a sufficiently high level, that 
is 1/J > 7 in the benchmark case. Based on our setting, we can see that if 
we increase 1/J from zero, it can improve the effect of 1-L on capital stock at 
steady state. However, lim /3k11-::;
1 
= 0, which is the same as we set (3 
'1/J-+oo 
to 0, and the case will become u (c)+ (3v (k) = c1;~~ 1 , which is our basic 
one-sector model. Therefore, change of 1-L would not affect k*, and money 
is superneutral. 
To summarize this simulation exercise, we find a positive relationship 
between 1-L and k* if 1/J is below a particular level, a negative relationship 
between 1/J and k*, and 1/J would enhance the effect of 1-L on k* when the 
value of 1/J is small, but the impact of 1/J on ~; would become smaller if 1/J 
is sufficiently large and finally money is superneutral. 
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3.4 Extension 3 - General Utility Function 
In this extension, we would like to change the utility function of the basic 
model to u ( c, k), which is a general, non-separable utility function. Hence, 
the problem \\rill be changed as follows. 
(48) 
subject to 
k +m= j (k)- c- 1rm- 5k + T , (49) 
k =I- 5k, (50) 
c<m, (51) 
where the utility function is increasing and concave, i.e. Uc > 0 > ucc, 
uk > 0 > ukk, Ucc ukk- ( Uck) 2 > 0. We assume that both c and k are normal 
goods, that is, UccUk- UckUc < 0 and UkkUc- UckUk < 0. However, the sign 
of Uck is ambiguous. 
3.4.1 Optimization 
The following conditions are the Hamiltonian function and necessary con-
ditions of this model: 
H: u (c, k) + A.k [I- 5k] + A.m [f (k)- c- 1rm- I+ T] +~(m- c) (52) 
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Uk (c, k) + Amfk (k)- AkO 
Uk (c, k) + Amfk (k)- AmO 
m=c 
From previous sections, we have the following conditions, 
T = p,m, 
m= (p,- n) m. 
By using equations (49), (58) and (59), we can obtain . 









Since (55) = (56), we get the endogenous inflation rate by using equa-
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tions (53), (55) and (56): 
_ uc(c , k) uk(c,k) f (k) £ 1f--1+ - - k +u. 
Am Am 
(61) 
By substituting (61) into (59), we show that 
m uc(c,k) uk(c, k) f (k) £ 
- = J-L + 1- + + k - u . 
m Am Am 
(62) 
3.4.2 Steady State and The Effect of Money Growth 
At steady state, k = m = Am = Ak = 0. First we show that when m = 0, 
equation (59) becomes 
n* = J-l· (63) 
Combining (53) and (55) with (63) , we get 
A (c* k*) = Uc (c* , k*). 
m ' 1+p+p (64) 
From (56), we obtain the following equation when Am= 0: 
Uk (c*, k*) = [p + 6- fk (k*)] Am (c*, k*) . (65) 
When k = 0, (60) becomes 
c*=f(k*)-6k* . (66) 
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Since m = 0, we substitute (64) and (66) into (62), (66) is changed to 
* Uk (j (k*) - 6k*, k*) 
0 = fk( k ) - 0 - p + Uc (f ( k*) _ bk*' k*) (1 + p + JL) . ( 67) 
When we first differentiate (67) and then substitute (64) into the result, 
we show the relationship between capital stock at steady state and the rate 
of money growth: 
dk* -Uk 
dj.L (1 + p + f.L) { Amfkk + Ukk + Uck [Jk - 6]} - { Ucc[fk-),6~+uck}uk 
( +) (-) (-) (?) (?) (?) 
s 0 (68) 
Again, we find that money is non-superneutral but the effect is undeter-
mined. However, not only the value of fk- 6, but also the sign of Uck affects 
the result in this setting, which is different from the result of Extension 2. 
the effect will be negative (positive). 
3.4.3 Dynamical System 
By using (56), (60) and (62) with (57), we get the following dynamical 
system. 
m Uc(m , k) Uk(m , k) j () £ 
-=J.L+1- + + k k -u 







am am am m-m* 
am 8k OArn 
ak ak Bk k - k* 
am Bk OArn 
OArn a>..rn OArn Am- A:n am 8k OArn 
J _ Om _ [Uck - Ucc] n==--m om Am 
J _ Om _ [Ukk - Uck j ] 12 ==--m + kk ok Am 
ok 
J21-- == -1 om 
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Tr (J) [f k _ 8] + m [ Uck - Ucc] + Uk 
Am Am 
[fk- 5] +m [ Uc\~ Ucc] + [p+ 8- fk(k*)] 
p+m [Uc\~Ucc] §O (69) 
( +) (?) 
Det (J) m (70) 
( +) (-) (-) (?) (?) (?) 
The denominator of ~~ is the same as the second part of Det ( J). 
We cannot determine the sign of trace and determinant in this extension 
because Uck and fk - 8 dominate the results. Table 3 is the summary of 
the following result. 
We assume that fk - 8 > 0, If Uck < 0, the sign of trace is still am-
biguous. For determinant, (1 + p + p) {Amfkk + ukk + Uck [fk- 6]} < 0 
and { Uck+uc~[:k-o]} ·uk < 0. If I (1 + p + J1) { Am!kk + Ukk + Uck [!k - 8]} I > 
I 
{uck+ucc[fk-o]}·uk I the determinant is negative and dk* > 0 Otherwise 
Arn ' dj..L • ' 
the determinant is positive and c;;; < 0. There are a few possibilities. If 
I uck I is very large, then the trace becomes negative. When the determinant 
is negative, the first possible outcome is three roots are negative and no 
positive root, so indeterminacy exists. The second possible outcome is that 
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there are two unstable roots and one stable root, and the BGP equilibrium 
is saddle. When the determinant is positive, two roots are stable and one 
root is unstable, therefore the BGP is sink. 
If Uck < 0 but luck! is small, or Uck > 0, then Uck - Ucc > 0, and the 
trace is positive. When the determinant is negative, two roots are positive 
and one root is negative, and the balanced growth path is saddle. If the 
determinant is positive, the first possible result is that there are two stable 
roots and one unstable root, hence the path is sink. Another possible 
outcome is that all three roots are unstable, and the BGP is source. 
In literature on the subject, such as Chang et. al. (2000) and Gong and 
Zou (2001), the authors try to examine the "effective of monetary policy" 
by consuming the assumption of "unique perfect-foresight path" (Chang 
et. al., 2000). 
Chang et. al. (2000) mention: 
" a unique perfect-foresight path converging to the steady state 
is crucial for a rational-expectations monetary economy. As 
claimed in the literature of perfect-foresight models, ... , if the 
number of unstable roots equals the number of jump variables, 
there exists a unique perfect-foresight equilibrium solution." (p. 
544) 
In this extension, there are three variables in our dynamical system, 
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Am, k and m, and only Am and m are jump variables. If we assume there 
is unique perfect-foresight path in our model, only saddle path, that is one 
negative root and two positive roots, is able to fulfill the requirement of 
unique perfect-foresight path so the number of jump variables is the same 
as the number of unstable roots. If this is the case, the trace can be either 
positive or negative, Det ( J) < 0 and ~~ > 0. 
If u k = 0 dk* = -Uk § 0, Tr ( J) = p-m ~erne > 
C ' df-L (1+ + ){' .c + } (fk-8)ueeuk /\ P f-L ArnJ kk Ukk - >-rn 
0 and Det ( J) = >.: { (1 + p + f.1) Pmfkk + Ukk} - (!k-f:::ccuk} :§ 0. If 
Uc, Ucc, uk, Ukk of this extension are equal to Uc, Ucc, f3vk, f3vkk of Extension 
2, then the result of ~~, Tr ( J) and Det ( J) due Uck = 0 would be equal 
to that of Extension 2. 
3.4.4 Simulation 
( () )1-u 
In this subsection, the utility function, u ( c, k) = c k:-cr -1 , where the 
positive parameters e and TJ denote the weights on utility toward consump-
tion and holding of capital stock respectively, and a > 0 is the inverse of 
the intertemporal elasticity of substitution. When a > 1, Uck of this utility 
is negative. If we set a < 1, Uck > 0. The production function and the 
values of the parameters are the same as those in Extension 2. Besides, 
we set e = 2, TJ = 0.5. Table 4 is the summary of the following exercise. 
No matter Uck is positive (we set a = 0.9) or negative (a = 1.1), we get 
the same results of k* when we set the parameters to different values. It is 
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because the value of k* depends on all parameters except CJ. We find that 
there is a unique steady state at k* = 18.13951. There is a positive trace, 
the determinant is negative, two roots are unstable and one root is stable. 
Therefore, the balanced growth path is saddle, and ~~ > 0. Here, we find 
dk* that d; = 3.90758. 
Although we do not present the desire of social status by using (3 in this 
extension, TJ of this extension provides similar function of (3 of the previous 
extension, that is, the higher the desire of social status, the higher the 
value of TJ· If we set TJ close to 0, say, TJ = 0.000000001, that means the 
representative agent does not really care about the social status. If this is 
the case, the balanced growth path is still saddle, k* = 5.65685 and ~~ ~ 0, 
( () )l-a-
which is the same as f3 = 0 in Extension 2. When u ( c, k) = c k: -(J -l , if 
we increase the value of 7], we can get a higher k*. Figure 3 shows that TJ 
is positively correlated to k*. 
Even though the change of CJ would affect the value of uc, Ucc, uk, ukk, 
Uck and Am, dd~ and Det (J) would remain unchanged because the change 
of Uc, Ucc, uk, Ukk, Uck and Am offset the effect of CJ change on each other. 
~k; > 0 in this model, and at benchmark ~~ = 3.90758. The relationship 
between 11 and k* is shown in Figure 4. However, the value of TJ affects ~~. 
Initially, starting from 'I] = 0, higher TJ can raise ~~. when TJ = 2.18739, 
~~ = 7.38326 reaches the highest level. And ~~ drops but is still positive 
when 'rJ increases. 
36 
( () )1-CT 
To conclude this simulation exercise, if u ( c, k) = c k:-u -l, the sign 
of Uck which depends on the value of a would not affect the value of ~~ 
and Det ( J). Besides, we find the positive relationship between JL and k*, 
and "7 and k*. However, there is a positive relationship between "7 and ~~ 
when the value of 7] is small, but increasing 7] would reduce d;; afterward 
if "7 is larger than a certain level. 
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3.5 Extension 4: General Utility Function and CIA 
with investment 
In this extension, we would like to change the CIA constraint of Extension 3 
to c+cp1I <m. This model is a modified version of Chen et. al. (2008). We 
use a general, non-separable utility function, u ( c, k), instead of separable 
utility functions used by Chen et. al. (2008), and the CIA constraint is 
changed to c+ cp1I <m. The optimization problem of representative agent 
is as follows: 
subject to 
k +m= f (k)- c- nm- 6k + T 






Equation (75) is the Hamiltonian function and (76) to (80) are the first-
order conditions: 








When we substitute (76) into (77), then 
When differentiating (81) with respect to time, we will obtain 
. . . 
Ak == (1- cP1) Am+ cPJUck (c, k) k + cPJUcc (c, k) C. (82) 
Combining (79) and (82) with (81), we get 
1 1 (83) c -
Ucc ( C, k) cP I 
[(p + 8) >..k (c, k, Am)- uk (c, k)- Amfk (k)- (1- (h)>..~- (huck (c, k) · k] . 
In the previous sections, we know 
T == J-Lm . (84) 
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m 
- = J-L- 1f. 
m 
k = f (k)- c- 6k. 
When we combine ( 73) and ( 86), we get the following equation: 
f(k)=c+l. 





When we differentiate (88) with respect to time, then we show that 
(89) 
Substituting (88) and (89) into (85), together with (83) and (86), we 
get the value of endogenous inflation rate, 1r: 




3.5.2 Steady State and The Effect of Money Growth 
. . 
At steady state, c = k =m= Am= 0. Since m= 0, (85) represents 
* 7r = J.l· (92) 
When k = 0, (86) would change to 
c* = f (k*)- 6k*. (93) 
When Am = 0, we get the following relation by using (76), (78) and 
(92): 
A (c* k*) = Uc ( c*, k*). 
m ' 1+p+J.L (94) 
. . 
Set c = k = Am = 0, we substitute (81), (93) and (94) into (83), then 
( 83) becomes 
Uk (j (k*) - 6k*, k*) * 
Uc (J (k*)- 6k*, k*) (1 + p + J.L) = (p + 6) [1 + cpl (p + J.L)]- fk (k ) . (95) 
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Since uk (1 + p + f.l) > 0, 
Uc 
(96) 
When we differentiate (95), we can get following result. 
dk* == UccP I (p + 8) - Uk ~ O 
df.l (1 + p+ f.l) {>..mfkk +ukk +uck [fk- 8)}- uk{ucc[f;:o]+uck} :::> 
(97) 
In the case, money is non-superneutral. If cPI == 0, (97) will be equal to 
(68) of Extension 3. ~~ in this extension is still undetermined. If cPI > 0, 
the effect of J.l on k* also depends on the sign of UccPI (p + 8)- uk, which is 
different from the analysis of Extension 3. 
3.5.3 Dynamical System 
By using (83), (86) and (91), we will get the dynamical system. 
c 
1 1 
Ucc ( C, k) cP I 
[ (p + 8) [(1- rPJ P..m + q\Juc (c, k)] - Uk (c, k) - Amfk (k) - (1- q\1) )..~- q\1uck (c, k) k J 
























8k k- k* 
a>.rn 
8>.rn Am- A:n B>.rn 
Uck ( 1 ) 1 ( 1 ) . p + 0 + - 1 - - + - 1 - - ]31 
Ucc cpi Ucc cpi 
2_ [uck (p + 20- fk) - Ukk~ - fkk~Am + (1- ~) J32] 
Ucc cp I cp I cp I 
8k 






AmUck (1 - c/JI )2 
(1 - c/JI) Am [Amfkk + Ukk] (1 - c/JI) AmUck [fk - 25- p] 
* + ____ * ____ _ 
X Uccc/J I X Ucc 
_ c/JIAmfk [fk- 5] _ [uck] [1 + Am (1 - c/JI )
2
] 
x* x*uccc/J I 
]33 - ())..~ = [1 + p + JL] [1 + Am (1- c/JI )2] 
8Am x*uccc/JI 
( 1 - c/J I) Am ( (p + 5) ( 1 - cp I) - f k] 
[1 
+Am (1- c/JI) 2] = (1- cpi) c* + cjJif (k*) > O 
x*uccc/JI x* 
[Uck ( 1 ) ( 1 ) ] [ Am (1 - cpi )
2
] Tr(J) - Ucc 1- cpi + cpi +p+J-L+fk 1+ x*ucc c/JI +p 
(?) (+) (+) 
5 0 (98) 
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Det (J) 
( +) (?) (?) 
s 0 (99) 
The value of trace is ambiguous if we know [1 + >-m~l-:-!1 ) 2 ] > 0. If Uck is 
X Ucc J 
positive and 1 > qy1 > 0, the trace is positive since uck (1 - J ) > 0. When Ucc '+'! 
rjJ1 = 1, Tr (J) must be positive because ::: ( 1- j1 ) = 0, the sign of uck 
does not matter. But when 1 > qy1 > 0 and Uck < 0, uck (1 - J ) < 0, Ucc '+'! 




+ p + f1 + !k). When (,;1 + p + f1 + !k) > I ::: ( 1 - JJ I , the trace 
will be positive, otherwise Tr ( J) < 0. 
in this extension is the same as the one in Extension 3 and denominator 
of ~; in this extension. Therefore the possibilities of the BGP would be 
equal to Extension 3. 
However, even if we know the sign of (1 + p + 1-1) (Amfkk + Ukk + (fk- 6) Uck)-
uk[(!k-~~cc+uck], we still cannot find the value of ~~. As we mentioned be-
fore, uc1J 1 (p + 6) - uk is another factor affecting d;;. If Det ( J) < 0, then 
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~~ > 0. When cPI > 0 and UccPI (p + 5) < uk, ~~ is still positive. But if 
UccP I (p + 5) > uk, there is a negative relationship between J-L and k*. 
In this extension, c, k and Am are the variables in the dynamical system, 
and c and Am are jump variables. Again, if we employ the assumption 
of unique perfect-foresight path, saddle path is the only option in this 
extension, Det ( J) < 0 and Tr ( J) S 0. But we still cannot determine the 
effect of money growth rate on capital stock at steady state even if we have 
the assumption of unique perfect-foresight path because cjJ I is the crucial 
factor dominating the relationship of J-L and k*. 
If Uck = 0, Det ( J) = { ;:-c~ ;I [ 1 + ,\';~~:~}']} { (1 + p + fl-) ( Amfkk + Ukk) - (fk-1~ccUk} § 
0 Tr (J) == [_1_ + p + J-l + fk] [1 + >-rn!l-4>,) 2 ] +p > 0, dk"' == uc4>1(p+t5)-uk S 
' Q>1 X Ucc4>J dp, (l+p+p,){.Xrnfkk+ukk}- (fk-~~ccuk 
0. In this case, the BGP equilibrium would be saddle if Det ( J) < 0, and 
either source or sink if Det ( J) > 0. If Uc, ucc, uk, ukk of this extension are 
equal to Uc, ucc, f3vk, f3vkk of Chen et. al. (2008) and c/Jc == 1 in Chen et. al. 
(2008), then the result of ~~, Tr ( J) and Det ( J) due Uck == 0 would be 
equal to that of Chen et. al. (2008). 
If cp I is close to 0, c < m in CIA constraint, and then ~~, Tr ( J) and 
Det ( J) would be identical to those in Extension 3. 
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3.5.4 Simulation 
The utility function we use in this extension is the same as the one in Ex-
tension 3. We follow the settings in Extension 3, but we add one parameter 
<PI= 1, which follow the setting of Stockman (1981). Again, the sign of Uck 
(that is determined by CJ) would not affect the value of k* under the same 
value of parameters. 
In the benchmark case, there is a unique steady state at k* = 1.96181. 
The determinant is negative, the trace is positive, two roots are unstable 
and one root is stable. Therefore, the balanced growth path is saddle, and 
~~ = -0.71176 < 0. When J-l = 0, the steady state capital stock is 9.11289 
with saddle path, and ~; = -15.28325. When J-l goes up, it reduces k*. 
Figure 5 reports the negative relationship between k* and· J-l· 
If we set "7 = 0. 000000001, the balanced growth path is still saddle, 
k* = 0.35107 and ~~ = -0.28871. k* would increase when we increase 
"7. In this simulation exercise, the positive relationship of k* and "7 is 
parallel to the Extension 3, and Figure 6 demonstrates the relationship of 
k* and "7· If we increase "7 from 0, d;; would drop under "7 = 4.41315, and 
~k; = -1.66026. When "7 > 4.41315, ~~ rises but it is still negative. When 
<jJ I < 0.6, d;; would be positive if "7 reaches a certain level, but regardless 
of the value of '1], ~k; < 0 once <PI > 0.6. 
When <PI is closed to 0, such as <PI = 0. 000000000001, the CIA con-
47 
straint is more or less the same as c < m. Therefore k* = 18.13951 and 
~~ = 3.90758 > 0. This result is equivalent to the result of Extension 
3. If cp 1 increases, k* drops, holding other variables constant, and the re-
lationship is shown in Figure 7. When cpi = 1, ~~ < 0, but ~~ > 0 if 
cpi = 0.000000000001. The value of cpi is the crucial factor determining 
whether money growth is positive or negative to the steady state capi-
tal stock in this extension. Figure 8 is about the relationship between 
cpi and ~k;. d;; < 0 when cpi < 0.196079, but it becomes negative since 
cpi > 0.196079. 
In this simulation exercise, we find that there is a negative relationship 
between 11 and k* if the value of cp I is high enough. Otherwise, the rela-
tionship between 11 and k* is positive, which is the same as Extension 3. 
Besides, we find the negative relationship between cjJ I and k*. Also higher 
'fJ obtains higher k*. However when 'fJ increases from 0, c;;; drops, but ~~ 
will rise but remain negative since TJ reaches a certain level. The summary 
of the steady state capital stock with different parameter value is reported 
in Table 5. 
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4 Concluding Remarks 
In this paper, we construct several models. The connection of those models 
is summarized in Table 7. If we consider a non-separable utility function 
with capital, where capital is treated as the measurement of social sta-
tus of the representative agent, consumption and investment are liquidity 
constrained through the Cash-In-Advance constraint (Extension 4 of our 
model), then the trace and determinant of the dynamical system would be 
ambiguous, the BPG equilibrium would be saddle, source or sink. Accord-
ing to the assumption of unique perfect-foresight path, the BGP equilib-
rium would be saddle. However, we cannot determine the effect of monetary 
policy on the capital stock at steady state even if we know the sign of the 
determinant, which is part of the factors affecting the effect of monetary 
policy. The reason is that the percentage of investment included in CIA, 
cjJ I, is another crucial factors dominating the result. When cp I = 1, there 
is a negative relationship between k* and 1-L· If uck of the non-separable 
utility function is zero, and the value of uc, Ucc, uk and Ukk are equal to the 
value of uc, Ucc, f3vk and f3vkk respectively of Chen. et. al. (2008), and cPc 
of Chen. et. al. ( 2008) is 1, Extension 4 would be identical to the model 
of Chen. et. al. (2008). 
If we set cjJ I = 0, the CIA constraint would become c < m, and Exten-
sion 4 would become Extension 3. In Extension 3, we find that the trace and 
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determinant of the dynamical system, and ~~ would still be ambiguous, 
but due to the assumption of unique perfect-foresight path, Det ( J) < 0, 
BPG equilibrium is saddle, and ~~ > 0. 
Again, if Uck = 0 and uc, ucc, uk and ukk of Extension 3 are the same 
as the value of uc, Ucc, f3vk and f3vkk respectively of Extension 2 or Chang 
et. al. (2000), or set cPc = 1 and cj;1 = 0 in Chen et. al. (2008). Those 
models would become Extension 2 or Chang et. al. (2000) where the 
utility function is separable. The trace of Extension 2 is positive, however, 
we cannot determine the sign of Det (J). With the assumption of unique 
perfect-foresight path, Det ( J) < 0, and ~; > 0, and saddle path exists. 
When cPc = 1 and f3 = 0 in Chen et. al. (2008), the model would 
become Extension 1. The trace is positive, determinant of the dynamical 
system is negative and the monetary policy positively affects the steady 
state capital stock. 
Finally, when f3 = 0, cPc = 1 and cf;1 = 0 in Chen et. al. (2008), f3 = 0 
in Extension 2, or cj; 1 = 0 in Extension 1, those model would become our 
basic one-sector model. In that model, money is supernetural, Tr ( J) > 0 
and Det ( J) < 0, hence the BGP path is saddle. 
In this paper, we introduce money by using CIA constraint. For further 
study, this is possible to analyze the effect of monetary policy by using 
Money-In-Utility-Function in order to investigate how MIUF with social 





5.1 Appendix 1 - Detailed Calculation of Basic One-
Sector Model 
Here we show the detailed calculation of basic one-sector model. The op-
timization problem of the representative agent is as follows: 
subject to 
k +m= f (k)- c- 1rm- 5k + T 


















From (101), (110), (111), we obtain 
k == f ( k) - c - bk 
Since (107) == (108), by using (105), 
Substituting (113) into (111), we get 
5.1.2 Steady State and The Effect of Money Growth 








At steady state, k ==m== Am== Ak == 0. When m== 0, (7) will become 
(115) 
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By using (105) and (107), we will get 
(116) 
From ( 108), we will get 
(117) 
From (112), we will get 
c*=f(k*)-6k* (118) 
Since m = 0, substitute (116) into (114), 
(119) 
From (119), we can find that 
(120) 
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5.1.3 Dynamical System 






Am== [p + 8- fk (k)]Am 
a-m a-m a-m 
am ak B>-m. 
ak ak 
.2£ 
am ak B>-m. 
a>-m. 8>-m. a>-m. 
am ak B>-m. 
J _am_ m· Ucc 11 
==am-- Am 
am 
J12 == - == m · !kk 
- ak 
ak 










5.2 Appendix 2 - Detailed Calculation of Extension 
1- CIA with Investment 
Now we change the CIA constraint to c + cj;1I < m, where 0 < cj;1 < 1. At 
least part of the investment is paid with money. 
subject to 
k +m= f (k)- c- nm- ok + T 






H: u (c)+ Ak [I- ok] +Am [f (k)- c- nm- I+ T] +~[m- c- cj;1I] 
(127) 
Am= (p + n) Am-~ 







Combining (128) and (129), we find that 
(133) 
When we differentiate (133) with respect to time, 
. . 
Ak = cPIUcc (c) C + (1- cPI) Am (134) 
Combining (131) and (134) with (133), we obtain 
. 1 1 [ . ] C = Ucc (C) cP I (p + 8) [ cP IUc (C) + ( 1 - cP I) Am] - Amfk ( k) - ( 1 - c/J I) Am 
(135) 
In the previous section, we know 
T = J-Lm (136) 
(137) 
k=f(k)-c-8k (138) 
With (125) and (138), we will get the following equation: 
f (k) = c +I (139) 
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By using the (132) and (139), we can find that 
(140) 
If we differentiate (140) with respect to time, 
(141) 
Combining (137), (140) and (141) with (138), the following equation 
will be obtain: 
(142) 
When substitute~ in (128) into (130), with (142). 
(143) 
5.2.2 Steady State and The Effect of Money Growth 
. . 
c = k = m = >-m = 0 at steady state. Since m = 0, (137) means that 
* 1f = f..L (144) 
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When k = 0, (138) represents 
c* = f(k*)- bk* (145) 
When Am = 0, we will get the following relation by using (143) and 
(144): 
Am (c*) = Uc (c*) 
l+p+J-L 
Set c = 0, we substitute (146) into (135), and (135) becomes 
From ( 14 7), we can get the following result: 
5.2.3 Dynamical System 






e oc oc _k_ e- e* oc ok 8>-m 
k ok ok ok k- k* oc ok 8>-m 
Am 8>-m ftbn. 8>-m Am- A:n 7k ok OAm 
where 
Be . ( 1) 1 Jn = - = p + 6 + 1 - - - J31 
Be rPJ Ucc 
Bk 
J21- Be= -1 
J
32 
_ BAm = Am (1 - rP1) Amfkk _ rPJAmfk [fk - 6] 
8k x*uccrPJ x* 
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Tr(J) - (fk+P+!l+ :J [1+.Amx~~=t1 ) 2 ] +p>O (149) 
(+) (+) (+) 
Det (J) _ . ~]__ [ 1 +Am (1 -ifJ/)2 ] 
Ucc cPJ X*UcccPJ 
· [ucc (fk- o) {(p + o) [1 + c/J1 (p + p)]- fk}- Amfkk (1 + p + p)] 
From (147), we know that fk (k*) = (p + o) [1 + cjJ1 (p + p)], therefore 
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5.3 Appendix 3 - Detailed Calculation of Extension 
2 - Including Separated Social-Status Function 
Now we add a utility function of social-status, {3v (k) into the basic model. 
Hence, the problem will be changed as follows. 
max LX) [u (c)+ ;)v (k)J e-P1dt 
subject to 
k + m = f ( k) - c - nm - 6 k + T 












Same as previous sections, we have those conditions. 
T = J-Lm (161) 
(162) 
k=f(k)-c-6k (163) 
Since (158) = (159), using (156), 
(164) 
When substitute (164) into (162), we will get 
5.3.2 Steady State and The Effect of Money Growth 
. . . 
k = m = Am = Ak = 0 at steady state. When m = 0, (162) will become 
* 1f = f.1 (166) 
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Combining (156) and (158) with (166), we get 
(167) 
From (159), we get 
(168) 
From (163), we obtain 
c* = f ( k*) - 6k* (169) 
Since m = 0, substitute (167) into (165) with (169), 
* f3vk(k*) 
0 = fk (k ) - 6- p + Uc (f (k*) _ bk*) (1 + p + !1) (170) 
From (170) with (167), we can find that 
5.3.3 Dynamical System 






k = f (k)- m- 8k 
Am= [p + 5- fk (k)] Am- f3vk(k) 
= r 
am am am 
am 8k B>.rn 
ak ak ak 
l &m ak a>.rn 
a>.rn a>.rn a>.rn 
am 8k B>.rn 
J _am_ m· Ucc 11 =am-- Am 
ak 





( m. Ucc Tr J) = p - Am > 0 (172) 
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Det (J) ~· Possible Roots dj.L 
+ - + + + (Source) I +- - (Sink) 
- + + +- (Saddle) 
Table 1: The summary of the possibility of the roots in Extension 2 
Parameters in Benchmark: A = 0.3, p = 0.04, o = 0.05 
E = 1.5, a = 0.6, f3 = 0.2, 1-1 = 200%. 
k* of Extension 2 
Parameter Change 'l/J=O (v(k) =k-1) 'ljJ = 1 ( v ( k) = ln k) 'ljJ = 1.5 
Benchmark 77.26766 14.48720 8.41827 
J-l = 0% 65.24681 8.39606 6.65578 
J-l =50% 70.75770 9.86452 7.11407 
J-l = 100% 73.83599 11.38766 7.55994 
J-l = 300% 79.18905 17.52549 9.23713 
J-l = 1000% 83.62223 33.76034 14.15911 
J-l = 2000% 85.22485 46.24017 19.59963 
A= 0.4 170.23219 37.88473 17.28104 
E = 1.49 77.38416 14.51206 8.42901 
E = 1.51 77.15141 14.46233 8.40755 
/3=0 5.65685 5.65685 5.65685 
f3 = 0.5 82.31831 26.90347 11.89334 
/3=1 84.50400 39.96524 16.59934 
a;i at benchmark 2.45044 3.09007 0.83770 
Table 2: The summary of k* with different parameter value in Extension 2 
Tr (J) Det (J) ~- Possible Roots dJ-L 
+ + - + + + (Source) I +-- (Sink) 
(uck < 0, luck! small, or Uck > 0) - + + +- (Saddle) 
- + - +-- (Sink) 
(uck < 0, I Uck I large enough) - + --- (Sink) I + +- (Saddle) 
Table 3: The summary of the possibility of the roots in Extension 3 
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Parameters in Benchmark: A == 0.3, p = 0.04, 6 == 0.05, a == 0 .6, 
() == 2, 7] = 0.5, a= 1.1 (for Uck < 0) or a= 0.9 (for Uck > 0), J-L = 200% 
k* of Extension 3 
Parameter Change 
_ ( c9 k7J) 1 u -1 
u(c,k)- 1_a- ,c~m 
Benchmark 18.13951 
p=O% 9.93016 
J.-l ==50% 12.03206 
J.-l == 100% 14.11418 
J.-l = 300% 21.91175 
J.-l = 1000% 41.09739 
J.-l = 2000% 55.34908 
A= 0.4 37.23680 
() = 1.99 18.19917 
() = 2.01 18.08038 
7] == 0. 000000001 5.65685 
7] == 0.49 17.90145 
7] = 0.51 18.37661 
I c;;£ at benchmark I 3.90758 
Table 4: The summary of k* with different parameter value in Extension 3 
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Parameters in Benchmark: A = 0.3, p = 0.04, 8 = 0.05, a = 0.6, 
8 = 2, 'T} = 0.5, C5 = 1.1 (for Uck < 0) or C5 = 0.9 (for Uck > 0), cpl = 1, f-l = 200%. 
k* of Extension 4 
Parameter Change 
( c9 kTJ) 1 u -1 
u ( c, k) = 1_a , c + cp 1 I < m 
Benchmark 1.96181 
1-l = 0% 9.11289 
J-L =50% 4.79493 
J-L = 100% 3.20056 
J-L = 300% 1.46928 
J-L = 1000% 0.74889 
J-L = 2000% 0.59996 
A= 0.4 4.02720 
e = 1.99 1.97259 
e = 2.01 1.95116 
'T} = 0. 000000001 0.35107 
'T} = 0.49 1.91913 
'T} = 0.51 2.00484 
cp 1 = 0. 000000000001 18.13951 
cpl = 0.5 4.69441 
~i at benchmark -0.71176 
Table 5: The summary of k* with different parameter value in Extension 4 
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Model Tr (J) Det (J) dk* Sign of Roots djl 
Basic + - 0 ++-
Extension 1 + - - ++-
Extension 2 + - + ++-
+ + - +++ 
+ + - +--
Extension 3 + - + ++-
+ - +++ 
+ - +--
- - + ++-
- + ---
+ - +--
Extension 4 + - + (-)if Uc<PJ (p + 8) < (>) Uk ++-
+ + -(+) ifuc<PI(p+8) < (>)uk +++ 
+ + - (+)if uc<P I (p + 8) < ( >) Uk +--
-
- + (-) if uc<PI (p + 6) < (>) Uk ++-
- - + (-) if Uc<P I (p + 6) < ( >) Uk ---
- + - ( +) if uc<PI (p + 8) < (>) Uk +--
Table 6: The summary of the effect of money growth on capital stock 
at steady state and the transitional dynamics of the one-sector exogenous 




















Model ~· BGP Equivalent to dp 
Basic 0 Saddle -
Extension 1 < 0 Saddle Basic if <PI = 0 
Extension 2 ~ 0 Saddle/Source/Sink Basic if f3 = 0 
(Chang et. al., 2000) 
Chen et. al. ( 2008) ~ 0 Saddle/Source/Sink Basic if f3 = 0 and <PI = 0 
Extension 1 if f3 = 0 and cPc = 1 
Extension 2 if <PI = 0 
Extension 3 ~ 0 Saddle/Source/Sink Extension 2 if Uck = 0 
(assume that uc, uk, Ucc and Ukk 
of Extension 3 are equal to 
Uc, (3vk, Ucc, (3vkk of 
Extension 2 respective) 
Extension 4 ~ 0 Saddle /Source/ Sink Extension 2 if Uck = 0 and cp I = 0 
(assume that Uc, uk, Ucc and Ukk 
of Extension 4 are equal to 
Uc, (3vk, Ucc, (3vkk of 
Extension 2 respective) 
Chen et. al. (2008) if Uck = 0 
(assume that Uc, uk, Ucc and Ukk 
of Extension 4 are equal to 
Uc, (3vk, Ucc, (3vkk of 
Extension 2 respective, and 
<Pc = 1 in Chen et. al.) 
Extension 3 if cp I = 0 
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Figure 7: The relationship between cp1 and k* of Extension 4 
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